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コラーゲン合成においてコラーゲン特異的分子シャペロン Hsp47 は必須の役割を果たしている。Hsp47 はまた線






















ク質が AAA+ ATP アーゼ活性およびユビキチン化活性を示すことや、ゼブラフィッシュの血管・筋肉・神経発生に重
要であること、USP15 による正の制御を受けることなどを明らかにしてきたが（Sci Rep 2014, 2015, 2017）、最
近ついに、ミステリンの細胞内機能の同定に成功し、さらに解析を進めている（submitted）。 








１）  コラーゲン特異的分子シャペロンHsp47 の機能解析 
Hsp47 は我々が発見し、長年研究を続けてきたタンパク質であ
るが、これまでの Hsp47 の研究を総説として発表した（S.Ito, 
K.Nagata Semin Cell Dev Biol. 2017) 。Hsp47 は線維化疾患の
増悪因子ともなり、有望な分子標的とされてきた。Hsp47 阻害剤の
探索を行い、得られた Hsp47 阻害化合物の一部について論文を発







用は pH6.6 から 6.3 にかけて徐々に失われ、再度 pH7.3 に戻すと回復することが分かった。同一分子の pH依存的な
コラーゲンとの相互作用の回復を観察できたのは始めてである（Kitamura A et al, BBRC 2018)。 
Unfold protein response(UPR)は小胞体に正しくフォールディングできていないタンパク質が存在する際の小胞
体の恒常性を維持する応答である。小胞体膜タンパク質 IRE1 は UPR 時に活性化し、転写因子 XBP1 のスプライシン
グを通して、応答シグナルをサイトゾルへと伝達している。今回、分子シャペロン Hsp47 が Bip と競合し、IRE1 の











Ushioda et al.,Science 2008; M. Hagiwara et al. 
Mol.Cell 2011; R. Ushioda et al. Mol.Biol.Cell 2013）。 











めている（文責：潮田）。   
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３．Research projects and annual reports 
We have been focusing our research on the productive folding of nascent polypeptides by molecular 
chaperones and protein quality control mechanism for misfolded proteins within the cells. Particularly, we 
have been devoted our activity on the following four major research projects:  
 
1: Functional analysis of collagen-specific molecular chaperone Hsp47. Hsp47 is an endoplasmic 
reticulum (ER)-resident collagen-specific molecular chaperone essential for correct folding of procollagen in 
the ER（S.Ito, K.Nagata Semin Cell Dev Biol. 2017). Hsp47 could be a promising target for the management 
of fibrosis. We screened small-molecule compounds Col003 that inhibit the interaction of Hsp47 with 
collagen from chemical libraries and we found a molecule Col003 competitively inhibited the interaction and 
caused the inhibition of collagen secretion (S.Ito et al, J Biol Chem. 2017). We are developing a new 
screening system and are searching for more effective Hsp47 inhibitor. Collaborated with a pharmaceutical 
company this project was adopted by ACceleration Transformative research for Medical Innovation Setup 
scheme (ACT-MS) of Japan Agency for Medical Research and Development (AMED). We established a 
method for rapidly and quantitatively measuring the interaction between HSP47 and collagen in solution 
using fluorescence correlation spectroscopy. The diffusion rate of HSP47 labeled with Alexa Fluor 488 
decreased upon addition of type I or III collagen. We observed dissociation of collagen from HSP47 at low 
pH and re-association after recovery to neutral pH（Kitamura A et al, BBRC 2018). Maintenance of ER 
proteostasis is controlled by a dynamic signaling network known as the unfolded protein response (UPR). 
IRE1α is a key UPR transducer, determining cell fate under ER stress. Using cellular and biochemical 
analysis we found Hsp47 directly binds to IRE1α, displacing the negative regulator BiP from the complex to 
facilitate IRE1α oligomerization. We conclude that Hsp47 adjusts IRE1α signaling by fine-tuning the 
threshold to engage an adaptive UPR（Sepulveda D et al, Mol Cell. 2018）. 
 
2: Maintenance of ER homeostasis through the crosstalk among Protein Quality Control, Redox 
regulation and Ca2+ flux. We identified ERdj5 as a disulfide-reductase in ER. ERdj5 forms the 
supramolecular complex with EDEM and BiP, and activates the degradation of proteins misfolded in the ER 





1: Functional analysis of collagen-specific molecular chaperone sp47. s  i   
by cleaving the disulfide bonds of misfolded proteins and by facilitating the retrograde transport of these 
proteins from the ER lumen into the cytosol, where they are degraded by ubiquitin-proteasome system, 
which is called as ERAD （R. Ushioda et al., Science 2008; M. Hagiwara et al. Mol. Cell 2011; R.Ushioda et 
al. Mol. Biol. Cell 2013）.  
  We found that ERdj5 cleaves the disulfide bond of SERCA2, a Ca2+ pump on ER membrane, and regulates 
its function. Additionally, ERdj5 senses the Ca2+ concentration in the ER and regulates the interaction with 
SERCA2. It suggests that redox activity of ERdj5 is involved not only in protein quality control but also in Ca2+ 
homeostasis in the ER (R. Ushioda et al., PNAS 2016). Furthermore, we screened the interaction partner of 
ERdj5 to declare redox source of ERdj5. From MS analysis, we have identified the candidate of electron 
donor for ERdj5. We are trying to reveal the unknown mechanism of electron transfer into ER resident 
proteins. 
 
3. ERdj8 regulates the size of autophagosomes to degrade large autophagyic targets 
 Non-selective and selective-autophagy promote the degradation of several size of autophagyic targets, and 
are also closely linked to several human diseases. Isolation membrane, which is a source of autophagosome, 
promotes the engulfment of autophagic targets of different sizes, from small protein aggregates to large 
organelles, by regulating the extension of its own membrane. However, the underlying regulatory 
mechanisms remain unexplained. Here we show that an ER-localized membrane protein, ERdj8, controls the 
size of autophagosomes through the regulation of isolation membrane extension as to allow engulfment of 
large autophagic targets. We show in mammalian cells that downregulation of ERdj8 generates small 
autophagosomes that fail to engulf the large autophagic targets such as 3 μm latex beads (Lysophagy) and 
damaged mitochondria (Mitophagy), even though small autophagic targets such as 1 μm latex beads and 
p62 were not affected. Consistently, knockdown of dnj-8 (Caenorhabditis elegans ERdj8 homologue) in 
worm causes the accumulation of mitochondria in muscle, despite the complete elimination of the small 
sperm-derived paternal mitochondria. To conclude, the regulation of the autophagosomal size via ERdj8 is 
essential for the degradation of large autophagic targets and control the intracellular homeostasis.  
 
4. Functional analysis of a novel protein, mysterin. We demonstrated that mysterin participates in the 
physiological angiogenesis during zebrafish embryogenesis (Liu, Morito et al., PLOS ONE, 2011; Kotani, 
Morito et al, Sci Rep, 2015) and that mysterin forms a huge toroidal oligomer and changes its overall 
structure through ATP-binding and hydrolysis (Morito et al., Sci Rep, 2014).  However, mysterin ’ s 
physiological function in cells remains largely unclear. We explored mysterin binding proteins expecting their 
functional correlation with mysterin, and found that a deubiquitylating enzyme USP15 deubiquitylates and 
stabilizes mysterin in an isoform specific manner (Kotani, Morito et al, Sci Rep, 2017). Moreover, we recently 
identified its significant involvement in lipid metabolism in cells (submitted). 
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